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The Photochemistry of Metanilic Acid : Photoisomerization and Photodegradation

John M. Lally and William J. Spillane*

Chemistry Department, University College, Galway, Ireland

Iin the photolysis of sodium metanilate (1,Na) a single triplet and a series of g-complexes give rise to the isomeric

aniline sulphonic acids (2} and (3) and aniline (4).

The thermal isomerization of orthanilic (2) and sulphanilic (3)
acids in concentrated sulphuric acid at high temperatures is
well known!—5 and has been studied extensively by Khele-
vin.>—> Metanilic acid does not isomerize under similar
conditions. Following our study of the photochemistry of
phenylsulphamic acid® we now report the first photochemical
isomerization of the sodium salt of metanilic acid (1,Na) to
give the ring-substituted sulphonic acids (2) and (3) and the
photodegradation product, aniline (4). When metanilic acid
was irradiated in water at low % conversion through quartz
under helium at 254 nm the products (2)—(4) were formed.
Compounds (2) and (3) did not undergo photoisomerization
under similar conditions. This report provides a further
example? of a photoisomerization of a ring-substituted aro-
matic and it is also an additional example of the ‘meta’ effect or
reversal of ground state reactivity in the excited state.®

The photoreaction was found to be strongly pH and solvent
dependent. The pH profile (Figure 1) shows the photoreaction
to be subject to both acid and base catalysis, the former being
much more predominant. The fall-off in product yields at low
and high pH may be attributed to the depletion of water on
going to strongly alkali or acidic media.t However as the pH is
lowered, there is only a slight decrease in the yield of (4). The
use of methanol as solvent results in higher % conversions and
higher yields of isomerization products (2) and (3) (Table 1).
The apparent insensitivity of the ortho/para ratio to variation
in pH and solvent suggests the involvement of a tightly bound
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Scheme 1

t Products were determined by reversed-phase h.p.l.c. using external
standard calibration curves. The pH of the solutions at low and high
pH values was adjusted to 7 before analysis.

intermediate leading to the formation of (2) and (3). In all
cases the mass balance was >90% indicating a relatively clean
reaction.

Buffer catalysis experiments indicate that the photoisomer-
ization is a general-acid-catalysed process of which there is
only one previous report.? There was a linear increase in the
yields of (2) and (3) with increasing concentration of buffer
(NaH,PO,~Na,HPO,) at pH 5.2 and 6.1. However there was
no change in the yield of aniline, thus indicating a specific-
acid-catalysed process leading to its formation. It was found
that the radical scavenger n-butyl thiol did not have any effect
on the photoreaction indicating a non-radical mechanism.
Finally, sensitization and quenching experiments provided
evidence for the participation of the first excited triplet state
(T)) in the photoreaction. Sensitization with benzene (0.1m) in
methanol yielded the same product distribution as that
observed in the direct irradiation (‘fingerprint’ comparison!?)
and the photoreaction was efficiently quenched by biacetyl
and oxygen.

The mechanism shown in Scheme 1 is proposed for the
photoreaction. Rapid protonation of metanilic acidf in its
triplet state may lead to the formation of an encounter
complex or an exciplex (C3) which can either decompose into
its components or be converted into a o-complex in the ground
state, where a number of possibilities exist. The o-complex
mechanism has previously been suggested as being involved in
photochemical methoxide exchange in some nitromethoxy-
benzenes!! and in the photo-Smiles rearrangement of B-
(nitrophenoxy)ethylamines.12 The o-complex may proceed to
yield (4) in a process which is essentially an electrophilic
aromatic replacement of the sulphonic acid group by a proton.
The intermediacy of o-complexes in such processes is well
established.13 Dissociation of the o-complex to give aniline isa
slow step which does not involve base. Hence the yield of (4) is
relatively insensitive to low pH values. Alternatively the
o-complex may, in the presence of base, revert to (1). These
two processes involve separation of ionic species and thus an
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Figure 1. pH Profile showing % conversion (O) (right ordinate) and
the yields of aniline (W), orthanilic acid (@), and sulphanilic acid (@)
(left ordinate) vs. pH.

f M.O. calculations (see text) indicate that protonation will take
place at the C.
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Table 1. Effect of solvent and pH on product distribution.a.
Conversion, Aniline,

pH  Solvent % Y%
4.2  Water 13.6 46.5
Methanol 20.5 37.2
11.2 Water 39 62.6
Methanol 11.5 27.5

Orthanilic Sulphanilic
acid, % acid, % olp Aniline/(o + p)e
13.5 347 0.39 0.96
15.6 39.3 0.40 0.68
8.4 24.3 0.35 1.91
19.8 52.0 0.38 0.38

a (.01M in metanilic acid and 1 min irradiation time. b % Yields based on consumed starting material. ¢ Refers to ratio of yield of
degradation product, aniline (4), to yield of isomerization products, (2) + (3).

increase in solvent polarity will increase the possibility of an
ionizing mechanism, leading to a higher yield of (4) and a
lower % conversion in water than in methanol. Finally the
meta o-complex may isomerize to the more stable ortho and
para o-complexes via a 1,2-shift of the sulphonic acid group.
These complexes may, in a slow step, then either yield (4) as
before or in the presence of base yield (2) and (3).

The predominance of meta regioselectivity may be
explained by the ‘energy gap’ model previously proposed to
explain the predominance of meta substitution in photochem-
ical methoxide exchange in some nitromethoxybenzenes!! and
later used to account for the reversal of reactivities observed in
a study on the regioselectivity of photochemical and thermal
Smiles rearrangements.!2 The regioselectivity of (1) is ration-
alized on the basis of the smaller energy gap between the
ground state o-complex and the excited state encounter
complex (C3) compared to those for (2) and (3).

Theoretical calculations!¢ showed that there was no correla-
tion between the observed reactivities of (1), (2), and (3) and
the charge densities at the carbon atoms bonded to the
sulphonic acid group.

Financial support from the Irish Government, Department
of Education, is acknowledged. Dr. P. Brint, Department of
Chemistry, University College, Cork, is thanked for the
theoretical calculations.

Received, 15th April 1987, Com. 512

References

1
2
3
4
5
6

7

11
12

13

14

E. Bamberger and J. Kunz, Ber., 1897, 30, 2274.

. J. Spillane and F. L. Scott, Tetrahedron, 1968, 24, 5011.

. N. Khelevin, Zh. Org. Khim., 1981, 17, 1849.

. N. Khelevin, Zh. Obschch. Khim., 1984, 54, 747.

. N. Khelevin, Zh. Org. Khim., 1984, 20, 791.

. M. Lally and W. J. Spillane, J. Chem. Soc., Chem. Commun.,
987, 8.

For recent reviews see J. D. Coyle, ‘Introduction to Organic
Photochemistry,” Wiley, Chichester, 1986, p. 86; D. Bryce-Smith
and A. Gilbert, Tetrahedron, 1976, 32, 1309; ‘Rearrangements in
Ground and Excited States,” ed. P. de Mayo, Vol. 3, Academic
Press, New York, 1980, p. 349.

E. Havinga, R. O. de Jongh, and W. Dorst, Recl. Trav. Chim.
Pays-Bas, 1956, 75, 378; E. Havinga, Versleg Kon. Ned. Ak. Wet.
Afd. Natuurk, 1961, 70, 52; H. E. Zimmerman and V. R. Sandel,
J. Am. Chem. Soc., 1963, 85, 915; H. E. Zimmerman and S.
Somasekara, ibid., 1963, 85, 922.

P. Wan and K. Yates, J. Org. Chem., 1983, 48, 869.

H. E. Zimmerman and K. G. Hancock, J. Am. Chem. Soc., 1968,
90, 3749; H. E. Zimmerman and J. W. Wilson, ibid., 1964, 86,
4036.

H. C. H. A. van Riel, G. Lodder, and E. Havinga, J. Am. Chem.
Soc., 1981, 103, 7257.

G. G. Wubbels, A. M. Halverson, J. D. Oxman, and V. H. De
Bruyn, J. Org. Chem., 1985, 50, 4499.

J. March, ‘Advanced Organic Chemistry’, Wiley, New York,
1985, 3rd edn., ch. 11; H. Cerfontain, ‘Mechanistic Aspects in
Aromatic Sulfonation and Desulfonation’, Interscience, New
York, 1968, ch. 2.

Quantum Chemistry Program Exchange program 506, (AMPAC),
J. J. P. Stewart, Univ. of Texas, Austin, U.S.A.

®RR <

]



http://dx.doi.org/10.1039/c39870001571

